In this paper, we consider the discrete Legendre projection methods to solve the eigenvalue problem. Using sufficiently accurate numerical quadrature rule, we obtain the error bounds for gap between the spectral subspaces, eigenvalues and iterated eigenvectors for the eigenvalue problem in 2 L norm. We also obtain the superconvergence results for eigenvalues and iterated eigenvectors in discrete Legendre Galerkin methods. Numerical examples are presented to illustrate the theoretical results.
Introduction
Consider the following integral operator We cannot solve the above integral equations explicitly. So, many authors are interested to solve the above equations approximately to obtain the eigenelements. Some of the commonly used methods are projection (Galerkin and collocation), degenerate kernel methods, and Nyström methods to obtain the approximate eigenelements of the eigenvalue problem of a compact integral operator K . In recent decades, spectral methods are being successfully applied in many fields.
To solve the various integral equations and the eigenvalue problem, numerically spectral projection methods have been used by various researchers (see, [1] [2] [3] [4] [5] [6] ). Legendre spectral approximation method for eigenvalue problem of a compact integral operator is developed in [7] . In this paper, we use discrete Legendre spectral projection methods to solve the eigenvalue problem and evaluate the error bounds for approximate eigenelements with the exact eigenelements. The super-convergence results have been obtained for eigenvalues and iterated eigenvectors in discrete Legendre Galerkin method. hne We organize this paper as follows. In Section 2, we set up the abstract framework for the method and in Section 3, we discuss the discrete Legendre Galerkin and discrete Legendre collocation methods for the eigenvalue problem with smooth kernel. In Section 4, we discuss the convergence rates for eigenelements in the discrete Legendre projection (Galerkin and collocation) methods in 2 L -norm. In Section 5, we present numerical examples.
We assume c is a generic constant throughout this paper. 
Abstract Framework
Now to solve the eigenvalue problem (3) by using projection methods, i.e., Galerkin and collocation methods, we need to evaluate the integrals, which will appear due the inner products and the integral operator K . However, it is not possible to calculate the integrals exactly. So, we will replace the integrals with numerical quadrature rule and the method is named as discrete Legendre projection method. To do this, we approximate the integration by the following numerical quadrature rule: 
Using (5) 
Discrete Legendre projection methods:
In this section, we will discuss on the discrete Legendre projection (Galerkin and collocation) methods to solve the eigenvalue problem of a compact integral operator with smooth kernel. To discuss discrete Legendre Galerkin methods first, discrete orthogonal projection operators have been introduced in the following manner.
Discrete Legendre orthogonal projection operator:
To discuss on the discrete Legendre Galerkin methods, we need to introduce the discrete orthogonal projection operator. Discrete orthogonal projection namely hyper interpolation
Now we quote some properties of G n Q from [9, 4] .
be the hyperinterpolation operator defined as above. Then the following results hold.
(i) For any 
Discrete Legendre interpolatory projection operator:
be the zeros of the Legendre polynomial of degree n+1 and define the interpolatory projection
We quote some properties of C n Q [11, 2] .
be the projection operator defined by (19). Then the following conditions hold:
and the quadrature points used in the discrete inner product (8) (22) and (13), we see 
This completes the proof.  For nonzero subspaces
, ( 
Convergence Rates:
In this section, we will discuss on various convergence rates, which helps to evaluate the error bounds of approximate eigenelements with exact eigenelements in the eigenvalue problem by using discrete Legendre Galerkin and discrete Legendre collocation methods. 
This completes the proof. 
Discrete Legendre collocation methods:
In this subsection, we calculate the convergence rates for discrete Legendre collocation methods. 
The proof completes by combining the estimates (35), (34) with (33).  Now, we will evaluate the error bounds for eigenelements using discrete Legendre collocation methods. 
Numerical Results:
In this section, we present the numerical results. Choose the approximating subspaces n X to be the Legendre polynomial subspaces of degree less than equal to n.
In Tables 1 and 2 , we present the errors of approximated eigenelements with exact eigenelements in discrete Legendre Galerkin and discrete Legendre collocation methods in 2 Lnorm. We denote 
